The e values in the internal cation mobilities of (Li,K,Cs)N0 3 of the eutectic composition (35.2-39.8-25.0 mol%) in the temperature range from 453 to 673 K were measured by Klemm's countercurrent electromigration method, where e is defined as (bj-6j)/6 a ; b. d is the average internal cation mobility and the subscripts i and j refer to any two out of these three cations. The conductivity was measured by a direct current method. From these data and the molar volume calculated from those of the pure salts on the assumption of additivity, the internal cation mobilities, b Ll 
Introduction
We have so far measured the internal cation mobilities, b, in molten binary monovalent cation systems such as nitrates by Klemm's countercurrent electromigration method. In previous papers we have tested the following rule mainly for nitrates: for melts (M 1; M 2 ) X, Mj being a given monovalent cation, M 2 any other monovalent cation and X a given anion, the mobility of depends only on the molar volume of the mixture if M! is a relatively small cation such as Li + , Na + , K + or Ag + . In other words, at a given temperature and pressure, in saltmixtures with one kind of anions the mobility of one kind of cations depends only on the density of the anions and not on the densities of the cations. This is plausible since the internal mobility of a cation depends mainly on its nearest neighbours. Quantitatively, the mobilities of monovalent cations such as Li + , Na + , K + , and Ag + can be well expressed by the empirical equation 
where V m is the molar volume of the mixture and A, V 0 and E are constants which are nearly independent of the second cation. However, a perturbation concerning (1) should also be taken into account in some cases. If b deviates from (1), the upper and lower deviations could be interpreted in terms of the agitation effect and the free space or tranquilization effect, respectively [2] , caused by the coions (see later).
We have measured the internal mobilities of the ternary system (Li,Na,K)N0 3 of the eutectic composition (30.0-17.0-53.0 mol%) [3] and found that (1) holds also for this ternary system, and the order of the internal mobilities of the cations is b u <b K <b Na in the investigated temperature range from 473 to 673 K.
In order to test the extended rule over a wider temperature range we have now chosen the mixture (Li,K,Cs)N0 3 at its eutectic composition (45.2 mol% Li, 39.8 mol% K, 25.0 mol% Cs [4] ).
Experimental
The LiN0 3 and KN0 3 of the reagent grade made by Kanto Chemical Co., Ltd. and CsN0 3 of the same grade made by Wako Chemical Co., Ltd. were used without further purification. These salts were vacuum-dried at 0932-0784 / 99 / 0500-339 $ 06.00 © Verlag der Zeitschrift für Naturforschung, Tübingen • www.znaturforsch.com 180°C for 48 hr. mixed at the eutectic ratio by weighing and stored in a desiccator.
An electromigration cell was similar to that described in [5] and the experimental procedure was the same as described therein. After electromigration the contents of Li + and K + in the separation tube were determined by flame spectrophotometry, and Cs + by atomic absorption spectrophotometry.
The electric conductivity of the ternary mixture was measured by the direct current method described by Duke and Bissell [6] . Two Ag/AgN0 3 reference electrodes were used. The cell constant was measured at 298 K to be 23.26 cm -1 using a KCl standard aqueous solution.
Results
The differences of /?'s for the three defined as
and the average cation mobility b a is
where JC is the mole fraction. The measured values of £ LiK , e LiCs anc ' £ kcs are given in Table 1 .
The data on the electric conductivity K are given in Table 2 . From a least squares regression, these are expressed as a function of T by >c=-0.78836+ 0.0016307
Here, T is the temperature in Kelvin. The standard deviation is 0.25%. From these £ and rvalues, the internal cation mobilities are calculated from [3] 
where V m is the molar volume of the ternary system, which was calculated from those of the pure melts on the assumption of additivity. The excess molar volume may be negligibly small [7, 8] . The observed mobilities in the eutectic (Li,K,Cs)N0 3 mixture at various temperatures are given in Table 3 . These mobilities, together with the mobilities in (Li,K)N0 3 [9] and (Li,Cs)N0 3 [4] at mole fractions yielding at 623 K(350°C) the same molar volume as the eutectic mixture are shown in Fig. 4 [1] , The b u in the present ternary system and (Li,Na,K)N0 3 of the eutectic composition [3] are also shown. mobilities and their mole fractions are given also in Table 4 . where the mobilities at 623 K in the ternary eutectic mixture (Li,Na,K)N0 3 previously studied [3] are also given, though the molar volume is not equal.
A) Comparison of b in the Ternary System and the Corresponding Binary System
A -a) b u
The b Li in the present ternary system appears to be appreciably smaller than that in the binary system (Li,K)N0 3 [9] , as seen from Figure 4 . It may be assumed ) in the present ternary system and the corresponding value of the underlined cation in the binary systems at 623 K. See also Table 4 . Figure 4 reveals that b K in the peresent ternary system is considerably smaller than that in the binary system (Li,K)N0 3 [9] as well as that calculated from the empirical equation shown in Figure 2 . This is due probably to the tranquilization effect of Li + on b K in the ternary system; the tranquilization effect will be addressed in more detail later. As the molar ratio of the tranquilizer ion to that of interest becomes larger, the tranquilization effect will become larger. In the present system the molar ratio of the tranquilizer ion, Li + , to K + is 0.88 (= 35.2 mol%/39.8 mol%), whereas in the binary system it is 0.16. This may be the main reason why b K in the present system is considerably smaller than according to the empirical equation, while b K in the binary system nearly lies on the empirical curve.
A-b) b K
The b K in the (Li,Na,K)N0 3 [3] is considerably smaller than expressed by the empirical equation (1), as seen from Figure 2 . This could also be attributed to the tranquilization effect of Li + ; the molar ratio of Li to K is 0.57 there.
A -c) b Cs
The b Cs in the present ternary system is practically equal to that in the binary system (Li,Cs)N0 3 [4] , However, the b cS 's in both systems seem to be affected by the tranquilization of Li + , as seen from Figure 3 . The molar ratio of Li/Cs is much the same in both systems, that is 1.4 in the ternary system and 1.3 in the binary system.
Since the molar volume of (K,Cs)N0 3 is greater than that of the eutectic mixture, as given in Table 4 , neither b K nor b Cs in (K,Cs)NO ? can be included in the comparison.
B) The Tranquilization Effect
The tranquilization effect of Li + could be understood as follows. According to our dynamic dissociation model [10] , the internal cation mobility is related to a separating motion, that is dissociation, of a cation (C) from its reference anion (A), as schematically shown in Figure 5 . In the 1st movement of the dissociation a tempter anion (A') comes closer to C. In the 2nd movement the potential barrier becomes low enough for C to move away from A toward A'. In the 3rd movement C moves away from A together with A', and thus the dissociation of C from A is completed. If a tranquilizer ion C t , which more strongly interacts with A' than C does with A', is present, the motion of A' in the 1st and 3rd movement, and of C in the 2nd movement will be retarded. For simplicity, these ions A, C, A' and C t are collinearly arranged in Fig.  5 , and A is assumed to stand still, as only the relative motions of these ions are concerned here.
Since the interaction of Cs + with the counter anion is much weaker than those of Li + and Ag + , the tranquilization effect of Li + and Ag + is explicit in Figure 3 . The tranquilization effect of Ag + has previously been discussed [11] . Incidentally, the "self-agitation effect" of Cs + on b Cs at its high concentration can be detected from Fig. 3 ; the self-agitation effect has been described in detail elsewhere [12] , From the present results as well as from the previous ones shown in Figs. 2 and 3 , it is ascertained that Li + plays the role of a tranquilizer ion for the internal mobilities of coions such as K + and Cs + . Table 3 and Fig. 4 show that the order of the cation mobilities in the present system depends on the temperature and in the investigated range: 
C) Order of the 3 Internal Mobilities in the Present Ternary System
The temperature coefficients are of the order:
This could be accounted for in terms of the potential profile felt by a cation (C in Fig. 5 ) located between two anions (A and A'), as exemplified in Fig. 5 in [13] , If the kinetic energy were not taken into account, the increase in temperature, that is an increased distance between A and A', would be unfavorable for the dissociation on the reversed order of (7). This supposition as well as Fig. 4 suggests that, if the decomposition point were high enough, the order of b K and b Cs might be reversed at a higher temperature. However, as the tranquilization effect of Li + works more effectively on b Cs than on b K particularly at higher temperature, it is not clear whether b K and b Cs would be reversed at a hypothetical high temperature. The tranquilization effect is generally expected to become more effective with increasing temperature, partly because the association of C, to A' becomes stronger, and mainly because the distance between A and A' and hence between C and A' becomes longer.
Conclusion
In the additive ternary system (Li,K,Cs)N0 3 of the eutectic composition (35.2-39.8-25.0 mol%), the electric conductivity was measured by a direct current method and the £ value by the Klemm method in the range of 453 to 673 K. From these the internal cation mobilities of the 3 cations were calculated.
The b u seems to be well expressed by (1) with the parameters which have previously been obtained from binary alkali nitrates, whereas b K and b Cs in the present system are appreciably smaller than those calculated from the empirical equation, which could be attributed to the tranquilization effect of Li + .
The order of the cation mobilities is temperature-dependent, that is, The order is expected from the trends found in the binary alkali nitrates and therefore can be interpreted in terms of the dynamic dissociation model. Thus, the internal mobilities in the present system can be interpreted quite similarly to those in the binary nitrates.
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